ABSTRACT. C/O specific pathogen-free White Leghorn chickens were intracerebrally inoculated at one day of age with a brain homogenate of Japanese bantams (Gallus gallus domesticus) affected with fowl glioma. Histologically, six of eight inoculated chickens developed nonsuppurative meningoencephalitis in cerebrum and two of them had the characteristic lesions of fowl glioma. Hyperplastic lymphoid foci concomitantly developed in many organs of these birds, especially in the heart. Apart from these lymphoid foci, lymphocytic myocarditis was observed in all inoculated birds. Matrix inclusions were also noted in myocardial cells. Immunohistochemically, avian leukosis virus antigens were detected in reticular cells in the lymphoid foci, mesangial cells of the kidney, smooth muscle cells of the blood vessels, and myocardial cells. Of these tissues, the myocardium of all inoculated birds consistently showed strong reactivity for this antigens. The matrix inclusions were also positive for the antigens. These results suggest that the causal virus of fowl glioma has a high propensity to replicate, especially in myocardium and nonsuppurative myocarditis occurs associated with so-called fowl glioma. KEY WORDS: avian leukosis virus, chicken, fowl glioma, myocarditis.
So-called fowl glioma is histologically characterized multiple nodular gliomatous growths associated with disseminated nonsuppurative encephalitis [22, 23] . This disease is known as glioma [2, 14] , astrocytoma [15] , astroblastoma, multiple glioblastoma, mixed gliomatoses [3] , epizootic gliosis and astrocytoma [26] . Whether the nature of marked astrocytic proliferation is a neoplasm or reactive gliosis in inflammatory processes is not yet ascertained [16] . Some epizootic agents have been suggested [6] . We have reported the presence of the antigens and particles of an avian leukosis virus (ALV) in the central nervous system (CNS) lesions [17] . Additionally, we have demonstrated that fowl glioma could be transmitted by intracerebral inoculation of the affected brain homogenate and an unidentified strain of ALVs was suggested as the causal agent [13] .
The ALV group is pluripotent and induces lymphoid leukosis and other neoplasms in chickens [18] . In addition to these neoplasms, the viruses experimentally induce nonneoplastic disease, including lymphoid hyperplasia [4, 11] , shrunken liver with perihepatitis [5] , myocarditis [10, 11] , anemia [21] and nonsuppurative meningoencephalomyelitis [7, 25] in chickens. In naturally occurring fowl glioma, lymphoid cell proliferation in many organs and myocardial degeneration have been observed concurrent with the CNS lesions [17] . However, it is not clear whether these lesions are due to causal virus of the disorder. The objectives of this study are to determine whether the causal virus of fowl glioma induces pathologic changes in many organs of C/O specific pathogen-free (SPF) chickens and to discuss the pathogenicity of the causal agent.
MATERIALS AND METHODS

Chicken and inoculum:
The SPF White Leghorn C/O strain was used. C/O lacks chicken helper factor (chf)-and group specific (gs)-antigen and is susceptible to all subgroups of ALV. SPF chicken eggs were obtained from the Nippon Institute for Biological Science (Yamanashi, Japan). All fertile eggs were incubated at 37°C and hatched in our laboratory. Eight chickens comprising the inoculated group were housed in animal facilities and another eight control chickens were raised in isolators of the animal facilities of our school. These facilities are accredited by the Association for the Assessment and Accreditation of Laboratory Animal Care. No chickens received any vaccinations or medication.
Brain tissue for inoculation was obtained from the cerebrum of Japanese bantams (Gallus gallus domesticus) that were histologically diagnosed as having so-called fowl glioma. A half of the cerebrum was homogenized with 1 ml of RPMI 1640 medium (GIBCO BRL, NY, U.S.A.). The sequences of Marek's disease virus was not detected in the homogenate by the polymerase chain reaction (PCR) method [13] . The homogenate was unlikely to be contaminated with other ALVs since PCR with primers specific to ALV subgroups A and B produced only a single band from the homogenate, and since sequence analysis of subclones from the PCR products showed that all of them had identical sequences [data not shown]. The control group was inoculated with either brain homogenate from a normal bantam or only RPMI 1640 medium.
Experimental design: Eight chickens used as the inoculated group were intracerebrally inoculated at one day of age with 0.05 ml of the brain homogenate and were euthanized at 70 (n=3) and 140 (n=5) days of age. Chickens used as control groups were intracerebrally inoculated at one day of age with 0.05 ml of the normal brain homogenate (n=4) or only medium (n=4) and were euthanized at 140 days of age.
Histology: Brain and other organs, including liver, spleen, kidney, heart, lung, bone marrow, thymus, bursa of Fabricius (BF), intestine, skeletal muscle and spinal cord, were fixed in 20% neutral buffered formalin, routinely processed, and embedded in paraffin-wax. Four-µm sections were cut and stained with hematoxylin and eosin (HE). Selected sections were stained by Masson's trichrome method. Immunostaining using the labelled streptavidin biotin method (SAB; Nichirei Corp., Tokyo, Japan) was also performed to detect ALV antigens (anti-ALV antibody). The polyclonal antibody against ALVs was generated by immunization of rabbit with Rous associated virus-2 with the same methods as previously described [24, personal communication] . This antibody recognizes mainly gp 85 and p 27 of ALVs.
The degree of nonsuppurative encephalitis and astrocytic nodules, which are histological characteristics of so-called fowl glioma, was scored as follows: -, no infiltration of lymphocytes and no proliferation of astrocytes: +, minimal to mild lymphocytic infiltration; ++, moderate infiltration of lymphocytes and cell clusters consisting of less than 10 astrocytes; +++, severe infiltration of lymphocytes and multiple nodules consisting of more than 10 astrocytes. The degree of lymphoid cell hyperplasia in general organs was estimated as follows: -, no accumulation; +, one to three accumulation of lymphoid cells; ++, four to six accumulated foci of lymphoid cells; +++, more than six lymphoid foci. The size of lymphoid accumulates in the many organs from the inoculated and control chickens was determined at a magnification of × 100 with an ocular micrometer (OC-M, 20.4 mm, 10/100, Olympus Co. Ltd., Tokyo, Japan). Data are presented as mean ± standard deviation (SD).
PCR: PCR was conducted on paraffin-embedded tissues of spleen, heart, bone marrow and cerebrum. To prepare DNA lysates, three 10-µm sections were cut from formalinfixed, paraffin-embedded blocks and these samples were extracted using DEXPAT TM (Takara Shuzo Co., Ltd., Shiga, Japan) according to the manufacturer's instructions. The positive control used was DNA from chicken embryonal fibroblasts (CEF) inoculated with the brain homogenate of SPF chickens affected with fowl glioma. The negative control used was DNA from uninoculated CEF. The primer sequences were prepared as follows: a 0.7-kb fragment corresponding to the 3' end of the pol and 5' part of the env regions was obtained by PCR using a primer set, H5 (5'-GGA TGA GGT GAC TAA GAA AG-3') and H2 (5'-ACT GGT GAA TCC ACA ATA TCT ACG-3') [20] from the brain tissue of a bantam affected with fowl glioma and cloned into pGEM-T vector (Promega Corp., Madison, WI, U.S.A.). The resultant fragment was sequenced using an ABI PRISM 310 Genetic Analyzer (Perkin-Elmer Applied Biosystems Inc., Foster City, CA, U.S.A.). Based on the sequence obtained, primers designed for PCR were FG 503-f (5'-CCT GTT GGA CGA GCC CTC A-3') and FG3-r (5'-AAC TTG TCT CCG GTC CCA TC-3'). The PCR mixture (50 µl) contained 38.75 µl of MilliQ water, 5 µl of 10 × buffer, 1 µl of dNTP blend (2.5 mM each of four dNTPs), 2 µl of both primers (10 picomole), 1 µl of template DNA and 0.25 µl of Taq DNA polymerase (Perkin-Elmer Applied Biosystems Inc.). The PCR conditions were denaturation at 94°C for 3 min, followed by 40 cycles at 94°C for 30 s, 57°C for 30 s, and 72°C for 30 s, and a final extension was con- Normal brain  9  140  -+  ---+++  -10  140  -+  ---++  -11  140  -+  +  --++  -12  140  -+  ---++  -Medium  13  140  -+  +  --++  -14  140  -+  ---++  -15  140  -+  ---++  -16  140  -+  ---++  - a) The scores are given as described in Materials and Methods.
ducted at 72°C for 10 min using a Program Temp Control System PC-800 (Astec, Fukuoka, Japan). Statistical analysis: After preliminary evaluation of the data, analysis was performed with non-parametric statistics. To determine whether the degree of lymphoid hyperplasia in each tissue was related to the degree of the CNS lesion, Spearman's rank correlation coefficient test was used. Statistical differences in the diameters of lymphoid foci were assessed among the inoculated and control groups by MannWhitney U test. We accepted P<0.05 as indicating statistical significance.
RESULTS
None of the chickens in the both inoculated and control groups showed clinical signs and gross lesions. Histopathologically, six (75%) of eight chickens in the inoculated group had varying degrees of nonsuppurative encephalitis (Table 1) , and two (25%) of them had nodular proliferation of astrocytes (Fig. 1a) . All inoculated birds had variouslysized lymphoid hyperplasia in many organs, including liver (frequency; 88%), spleen (13%), kidney (88%), heart (100%), lung (63%) and bone marrow (50%). Most of lymphocytes in these foci had compact, small to medium-sized, round nuclei with scant cytoplasm and lacked cell atypism. Some of the lymphoid foci contained reticular cells. The lymphoid foci was most frequently observed in the myocardium and also developed in the subendocardial and subepicardial tissues. The frequency and degree of the lymphoid foci increased with the duration of the experimental period.
Apart from these hyperplastic lymphoid foci, all inoculated chickens had mild to severe infiltrations and accumulations of lymphocytes in the hearts. These lymphocytes also lacked cell atypism and the lymphoid foci included various proportions of macrophages and plasma cells. The arrangement of myocardial fibers were often dissociated by the infiltrates. Myocytes left in these foci were atrophic and degenerated (Fig. 1b) , and mild fibroplasia was also noted in and around the lesions. Enlarged nuclei and nuclear chains of myocytes were frequently seen adjacent to these foci. Matrix inclusion bodies were noted in the sarcoplasm of morphologically intact myocytes of the heart. Chickens with the CNS lesions showed severer degeneration of myocardial fibers.
In immunohistochemical study, ALV antigens were detected in astrocytes of the nodular lesions in cerebrum, myocytes and matrix inclusion bodies in the heart (Fig. 1c) , reticular cells in the hyperplastic lymphoid foci (Fig. 1d) , mesangial cells of the glomeruli in the kidney and smooth muscle cells of the blood vessels. Myocardial fibers of all inoculated chickens, especially in the birds with severe lymphoid cell infiltration in the heart, showed strong positive reactivity for ALV antigens. Two (25%) of the inoculated chickens had no viral antigen in any tissues other than in the myocardial fibers.
Chickens in the both control groups had no significant lesion in brain, kidney, heart and bone marrow. Lymphoid hyperplasia was observed in the liver, spleen, and lung of chickens in the both control groups. The frequency of the lymphoid foci for each organs was liver (100%), spleen (25%) and lung (100%) in the normal brain homogenateinoculated group, and liver (100%), spleen (25%), lung (100%) in the medium-inoculated group. None of these control chickens had matrix inclusion bodies in the myocytes of the heart. They had no immunohistochemical reactivity for ALV antigens in any organ.
Statistical analysis revealed that the diameter of the lymphoid foci in the liver of the inoculated chickens was larger than those in the controls (Table 2 ; P<0.05). The diameters of the lymphoid foci in the spleen and lung had no significant difference among the three groups. Significant correlation was recognized between the degree of CNS lesions and the degree of the lymphoid foci in kidney, heart and bone marrow of the inoculated chickens using Spearman's rank correlation coefficient (P<0.05).
DNA samples from paraffin-embedded spleen, heart, bone marrow and cerebrum of the two inoculated chickens and one of the medium-inoculated birds were screened with the primers of FG 503-f and FG3-r. Fowl glioma sequences were detected in DNA from CEF inoculated with the brain homogenate of SPF chickens affected with fowl glioma (positive control), but were not detectable in any samples from the inoculated chickens as well as the negative control.
DISCUSSION
In this study, six (75%) of eight inoculated chickens histologically developed nonsuppurative meningoencephalitis and two (25%) of the birds had the lesions consistent with those of naturally occurring fowl glioma [14, 17] . Main histological lesions in organs except CNS of the inoculated chickens were divided into two types; hyperplastic lymphoid foci consisting of small to medium-sized lymphocytes with reticular cells, and nonsuppurative myocarditis.
In birds, ectopic lymphoid tissue usually occurs in various organs. These lymphoid foci are unencapsulated and do not invade and destroy the surrounding tissue [12, 19] . The lymphoid foci in the liver, spleen and lung of the control chickens were consistent with the morphology of ectopic lymphoid tissues. Such lymphoid tissues were not observed in the kidney, heart and bone marrow of the control chickens in the present study. In contrast, all inoculated birds showed higher frequency of the lymphoid foci in many organs, including kidney, heart and bone marrow. The mean diameter of the lymphoid foci in the liver of the inoculated chickens was larger than those in the controls (P<0.05) and significant correlation was noted between the degree of the gliomatous lesions and the degree of the lymphoid foci in the kidney, heart and bone marrow of the inoculated chickens (P<0.05). Although we could not strictly differentiated ectopic lymphoid tissues from these lymphoid foci, they should be considered as lymphoid hyperplasia due to ALV infection, which was previously described in ALV-infected chickens [4, 11] . The lymphoid foci are suggested to develop in reaction to a persistent infection with ALV [4] .
On the other hand, the lymphocytic infiltration and accumulations in the heart of the inoculated birds could be easily differentiated from both the normal ectopic lymphoid tissues and the hyperplastic lymphoid foci on the basis of the associated tissue degeneration and destruction. In the inoculated group, ALV antigens were immunohistochemically detected in the heart (myocardial cells and matrix inclusion bodies), reticular cells of the hyperplastic lymphoid foci, kidney (mesangium) and smooth muscle cells of the blood vessels. Of these tissues, the sarcoplasm of myocardial fibers consistently showed strong positive reactivity for the antigens. These findings suggest that the causal virus has a high propensity to replicate or localize in myocardium. Similar pattern of the tissue distribution of the viral antigens has been reported in previous studies on several ALVs [1, 8, 9] .
We have failed the detecting of proviral genome in DNA samples from the inoculated chickens by PCR, which may have been due to the use of paraffin-embedded tissues.
Several strains of ALVs are known to cause nonsuppurative myocarditis in chickens [10, 11] , although the pathogenesis has not been clarified sufficiently. In this study, a large amount of viral antigens were identified in the myofibers, indicating that the causal virus of this disorder has a higher propensity to replicate in myocardium. Therefore, nonsuppurative myocarditis may be the another feature of 0 0
Mean ± SD. a) Significantly different from the both control groups (P<0.05).
